The influences on polysaccharide yield of cordyceps militaris was studed by adding 6 kinds polysaccharide precursor to the liquid fermentation medium,the results demonstrated the effects of 6 precursors on the yield of cordyceps sinensis polysaccharide as follows, glucose> mannose> galactose> arabinose> sorbose> fructose. Glucose and mannose are the most suitable precursors for the production of Cordyceps militaris Polysaccharide. The optimum addition is 20g/L,and the optimum addition of galactose, Arabia sugar and sorbose is 15g/L.The best combination of the four precursors of the highest yield of Cordyceps militaris is glucose 20g/L, Gump sugar 20g/L, galactose 10g/L, Ara The yield of polysaccharide is 5g/L, and the yield of polysaccharide is 270.80mg/g.
on macrophages to attack target cells and have an anti-tumor effect [1] .In addition, Cordyceps militaris polysaccharide has a certain anti-fatigue effect and nourishing lung and kidney [2] . Due to the scarcity of natural Cordyceps militaris resources and the high price, it is difficult to become the main raw material. The use of the culture medium and the silkworm cocoon as the main body for artificial cultivation have a long growth period, difficulty in cultivation and management, and a low biological conversion rate, and the output cannot meet the market demand. Since liquid fermentation has the characteristics of fast mycelial growth and short production cycle, the use of liquid fermentation to extract the polysaccharides from the obtained mycelium and culture solution has become the most feasible way for industrial production of therapeutic drugs [3] .
At present, the research on extracting polysaccharides from liquid fermentation of Cordyceps militaris mainly focuses on the optimization of fermentation conditions and the detection and extraction of active ingredients. However, there are few studies on the effects of adding precursors on polysaccharide accumulation during fermentation [4] . In this paper, the effect of polysaccharides synthesized by the addition of polysaccharides on the yield of polysaccharides during the liquid fermentation of Cordyceps militaris was studied in order to provide a basis for improving the yield of Cordyceps militaris polysaccharides by liquid fermentation.
MATERIALS AND METHODS

Materials
Test materials: Cordyceps militaris was provided by the Microbiology Laboratory of the College of Bioengineering, Jilin Agricultural Science and Technology College; Cordyceps polysaccharide high-purity standard was purchased from Nanjing Standard Biotech Co, Ltd; reagents used: glucose, mannose, galactose, fructose, Arabinose is of analytical grade; test water is pure water.
Culture medium: Strain activation medium: potato 200g cut into wire and boiled to filter juice, glucose 20g, peptone 10g, beef extract 5g, MgSO4 .7H2O 1g, KH2PO4 1.5g, agar 20g, water 1000 mL, pH value natural; liquid Culture medium: no agar added in the culture medium; liquid fermentation base medium: potato 20%, peptone 1%, beef extract 1%, MgSO4.7H2O 0.1%, KH2PO4 0.15%, pH 6.0, 121 °C sterilization 30min.
Methods
The activation of the tested strains: production of strain activation medium, the test strains were transferred to the strain activation medium, cultured at 24 °C for 7 days, select white, hyaline robust, dense, non-polluting test tubes As a test strain.
Culture of Liquid Bacteria: prepare a liquid strain culture medium, place it in a 300 mL flask with a volume of 200 mL, and sterilize it at 121°C for 30 min.
Inoculate the activated tube strain into liquid culture and vortex at 24°C. Training 7 days, spare.
Orthogonal test with different combinations of precursors: Since Cordyceps militaris polysaccharides are not composed of one monosaccharide monomer, in order to examine the effect of adding different combinations of precursors on the synthesis of polysaccharides in the fermentation basal medium, the single factor test basis Above, an orthogonal test was performed [5] .
Statistical analysis of data: the data obtained from the test was measured in parallel for 3 times, and the data was statistically analyzed using Staistica 6.0 software [6] .
RESULTS AND ANALYSIS
Standard Curve And Regression Equation
The total sugar was glucose, and the total sugar content was determined according to the phenol sulfate method and the total sugar standard curve was drawn. The regression equation was Y (absorbance)=9.26×(total sugar concentration, mg/mL)-0.0012, r2=0.9954. , indicating that the total sugar concentration is linear within the specified range.
Reducing sugar takes glucose as the standard, the reducing sugar content is determined according to 3,5-dinitrosalicylic acid and the reducing sugar standard curve is drawn, and the regression equation is Y (absorbance) = 0.5816 × (reducing sugar concentration, mg/mL) )-0.0102, r2 = 0.9972, indicating that the reducing sugar concentration is linear within the specified range.
Effect of Addition of Different Precursors on The Yield of Cordyceps Militaris
Adding different precursors to single factor test results:as can be seen from Figure 1 , the addition of different precursors and different amounts of addition in the basic fermentation medium has different effects on the yield of Cordyceps militaris polysaccharides. The highest yield was obtained when glucose was added into C. militaris polysaccharides. When the added amount of glucose was 5g/L to 20g/L, the yield of polysaccharides gradually increased with the increase of the added amount. When the added amount reached 20g/L,the yield of polysaccharides reached 221.18mg/g, but when the added amount exceeds 20 g/L,the yield of the polysaccharide hardly increases with the increase of the glucose sugar amount, and the yield tends to be stable.The effect of adding mannose on the yield of polysaccharides is second only to glucose. When the added amount of mannose is 5g/L to 20g/L, the yield of polysaccharides also gradually increases with the increase of the amount of added polysaccharides. When the added amount reaches 20g/L, The yield of polysaccharide reached 185.43 mg/g. When the added amount reached 25 g/L and 30 g/L, the yield of polysaccharide was 190.95 mg/g and 189.42 mg/g, and the yield of polysaccharide did not increase. When the added amount of galactose is 5g/L to 15g/L, the yield of polysaccharide increases with the increase of the amount of addition, and when the added amount exceeds 15g/L, the yield of polysaccharide does not change substantially. Stable at 150 ± 1 mg/g. When the addition amount of arabinose and sorbose was between 5g/L and 15g/L, the yield of polysaccharide increased slightly with the increase of the amount, but when the amount was 15g/L or more, the yield of polysaccharide did not change much. The highest polysaccharide yield was 126 mg/g sorbose up to 108.68 mg/g. Far less than the first two species, but fructose with the increase in the amount of polysaccharide production changes little. Addition of different combinations of precursors to orthogonal test results:the results of single-factor tests showed that the order of the above six precursor substances on the yield of Cordyceps militaris polysaccharides was glucose> mannose> galactose> arabinose> sorbose> fructose. On this basis, glucose, mannose, galactose, and arabinose were used as experimental factors to perform L9(34) orthogonal test(test design shown in Table 1 -2). The orthogonal test results demonstrate that the best combination of precursors in the liquid fermentation medium is A3B3C1D1.Observing the extremely poor R value, we can see that the greatest impact on the yield of Cordyceps polysaccharides in this combination is glucose, followed by mannose, again galactose, and the least affected is arabinose.
CONCLUSION AND DISCUSSION
The test results demonstrated that the amount of six precursors added to the test had different effects on the synthesis of Cordyceps militaris polysaccharides. In the single-factor test, the highest yield of polysaccharides was added to the liquid fermentation broth, followed by mannose, but the yield of polysaccharides was not significantly increased when the two precursors were added in excess of 20 g/L; The yield of lactose-producing Cordyceps militaris polysaccharides was significantly lower than that of the first two substances. When the added amount exceeded 15 g/L, the yield of polysaccharides exceeded the level of stability and did not change much when arabinose and sorbose were added, the yield of Cordyceps militaris polysaccharides was lower than that of galactose. The lowest yield of Cordyceps militaris polysaccharides was fructose. When the added amount was increased from 5 g/L to 30 g/L, the yield of polysaccharides only increased by about 2%.In the orthogonal test using glucose, mannose, galactose, and arabinose as experimental factors, the optimal combination of the four precursors with the highest yield of Cordyceps militaris polysaccharides was glucose 20 g/L, mannose 20 g/L, and half. Lactose is 10 g/L and arabinose is 5 g/L. Seen from the composition of Cordyceps militaris polysaccharides, Wang Pu, Shi Ying, Fan Weiqiang, etc. ,through water extraction, alcohol precipitation and ion exchange cellulose separation operations, and analysis of polysaccharides by thin layer chromatography of Sephadex G-100 and DEAE-52 columns, the main components of Cordyceps militaris polysaccharides The chemical structure is glucose and mannose, followed by galactose, with a small amount of arabinose and sorbose [7] [8] [9] .From the results of this experiment, it can be seen that the addition of glucose and mannose in the liquid fermentation basal medium has a greater impact on the yield of Cordyceps militaris polysaccharides. From the analysis of the mechanism of microbial metabolism, it is known that the synthesis of polysaccharides is accomplished under the catalysis of various enzymes. The increase of substrate concentration can induce the expression and content of enzymes to increase. The substrate can be used as an allosteric activator of enzymes to increase the activity of the enzyme, therefore, with the increase in the amount of precursor substances, the synthesis of Cordyceps militaris accelerates and the yield gradually increases, but when the enzyme activity center is saturated, even if the added amount increases, the reaction rate no longer increases. The yield of polysaccharides tends to be stable. Mechanism of the influence of precursor substances on the synthesis and yield of polysaccharides need further exploration.
